Pharmaceuticals and personal care products (PPCPs) are becoming increasingly recognised as important micropollutants to be monitored in wastewater treatment plants (WWTPs), since WWTP effluents represent an important point source to natural aquatic systems. In this study, the abundance of 65 PPCPs was analysed in 5 Portuguese WWTPs during the spring and autumn. Due to the fact that analytical approaches normally used to quantify the abundance of these compounds are labour intensive and require various specific procedures, this study proposes a set of simplified analytical methods for the quantification of pharmaceutically active compounds (PhACs) and polycyclic musks in liquid and sludge samples. The analytical methods were validated using influent 
INTRODUCTION
Pharmaceuticals and personal care products (PPCPs) are commonly occurring micropollutants with a potentially significant environmental impact. The impact in the environment and public health arises not only from wastewater effluents discharged in aquatic media (Bartelt-Hunt et al. 2009 ), but also from sludge application in agriculture, since they can desorb and contaminate the groundwater (Carrara et al. 2008) . Therefore, it is important to monitor these compounds to know their concentration in the liquid and solid phases after treatment in wastewater treatment plants (WWTP) . While many studies have been carried out in different countries and geographical locations (Comeau et al. 2008; Okuda et al. 2008; Santos et al. 2009) , the occurrence of PPCPs in wastewater and environmental samples is highly dependent on the local diseases, treatment habits and market profiles, thus, the pollution profile and can vary significantly between different countries (Zuccato et al. 2006 ). This was the motivation for the present study, since little information on the occurrence of PPCPs in WWTPs in Portugal is available.
The most common PPCPs are the pharmaceutical active compounds (PhAC) and the polycyclic musk fragrances.
PhACs include the antidepressives, anticonvulsants, non-steroidal anti-inflammatory drugs (NSAID), steroidal anti-inflammatory drugs (SAID), drugs for asthma and allergic diseases, antihypertensives, beta-blockers, lipid regulators, antibiotics, and estrogens. doi: 10.2166/wst.2010.985 Due to the high diversity of compounds displaying a wide variance of chemical structures, many previous studies have elected to perform a combination of analytical methods targeting specific families of compounds (Sacher et al. 2001; Ternes 2001) . While this strategy can be advantageous for the analysis of each target group, the time-consuming and labour-intensive nature of the analytical procedures makes numerous methodologies undesirable when the goal is to make an overall assessment of PPCPs present in environmental samples and WWTPs. This work proposes a simplified methodology adapted from previously published analytical methods that can be applied to wastewater and sludge samples for the detection of 65 PhACs and musks. All PhACs were analysed through LC-DAD-MS(ESI þ ) with the same set of conditions after solid-phase extraction (SPE) using two different materials for either neutral or acidic compounds. The musks were analysed by GC-MS after solid-phase microextraction (SPME). Sludge samples were pre-treated with an ultrasonication step prior to PhAC and musk analysis. 
METHODS

Chemicals and reagents
HPLC-grade acetonitrile, methanol, n-hexane and formic acid were purchased from Panreac (Portugal), all pharmaceutical active compound standards from Sigma-Aldrich (Steinheim, Germany) and the musks from LGC-Promochem (Spain). Stock solutions (1 mg mL
21
) of each pharmaceutical and musk were prepared in methanol or hexane, respectively, and stored at 48C.
Sampling collection and properties of the WWTPs
The characteristics of the 5 WWTPs assessed in this study are presented in Table 1 . All plants contained screening and primary clarification prior to the secondary treatment process, as well as secondary clarifiers. Grab samples were collected at the influent (prior to primary treatment), the final effluent and the sludge (in the recycle from the cartridges at pH 7 -7.5. Samples were passed through the SPE cartridges at a flow rate of 20 mL min 21 and vacuum pressure of 2 5 psi, and the cartridges were eluted four times with 1 mL of methanol. The methanol extracts were evaporated to 1 mL by a N 2 -stream. Then, 50 mL of extract was injected into the LC/MS.
Sludge samples-ultrasonic solvent extraction prior to SPE
The secondary sludge collected in the WWTPs was centrifuged for 5 min at 10,000 rpm. 2 g of the centrifuged sludge was mixed with 4 mL methanol in an ultrasonic bath for 5 min. The slurry was then centrifuged for 1 min at 10,000 rpm. The supernatant was collected in a separate vial and 2 mL of methanol were again added to the sludge. Centrifugation and supernatant collection were then repeated. To ensure the extraction was complete, 2 mL of acetone were then added to the sludge and the same procedure (i.e. ultrasonic bath, centrifugation, supernatant collection) was repeated. Then, the 4 extracts (2 £ 2 mL of methanol and 2 £ 2 mL of acetone) were combined and evaporated to a volume of ca. 1 mL. The concentrated extract was diluted in 150 mL of Milli-Q water prior to SPE.
Polycyclic musk fragrances by SPME
The extraction of musks from the wastewater and sludge samples was carried out by solid phase micro extraction (SPME) with 65 mm polydimethylsiloxane/divinylbenzene (PDMS/DVB) fibres (Supelco, Spain). The fibres were pre-conditioned prior to use for 30 min at 2508C. 2 g of wastewater or sludge was added to 0.5 g NaCl and 10 mL of mirex as internal standard. The PDMS/DVB fibre was exposed to the sample headspace in a sealed vial with a
Teflon lid for 15 min at 908C. The fibre was thermally desorbed and analysed by GC-MS.
Analytical procedures
Detection of acidic and neutral PhACs by LC-MS
Reverse-phase chromatography (LiChroCART 250-4
Purospher Star RP18 column, Merck) was performed with a diode array detector ( , respectively. The mass/charge spectrum range used was 100-450 Da with a MassLynx TM software data acquisition system. All samples were analysed in triplicate.
Detection of polycyclic musk fragrances
Analysis was performed using a Hewlett-Packard 5890 GC fitted with a QMD1000 Carlo Erba mass spectrometric detector. The injection port was operated in splitless mode.
A DB-5MS fused-silica capillary column (30 m £ 0.32 mm i.d., 0.25 mm film thickness, Agilent-J&W Scientific, Spain) was used with helium as carrier gas at a flow rate of 1.5 mL min 21 . The injection port temperature was 2508C.
The ion source and the transference line were kept at 200
and 3108C, respectively. The oven temperature was maintained at 608C for 3 min, increased to 2508C at 108C min 21 , then raised to 3108C at 208C min 21 , and held for 13 min.
The MS spectra were obtained with 70 eV, mass range m/z 50 -500 and using MassLab TM software (Micromass). The injector temperature during SPME splitless analysis was 2508C for PDMS/DVB.
Method validation
Determination of recoveries
Samples were spiked with analytes dissolved in a stock solution (each at 1 mg mL 21 methanol). The influent wastewater samples were spiked with 100 mg L 21 of analyte and internal standard (i.e. meclofenamic acid). After spiked, the samples were stirred for homogenisation and to enable a sufficient contact of analytes and standards with the matrix. 
RESULTS AND DISCUSSION
Validation of the analytical approach
The analytical methodology selected for the PhAC survey carried out in this work was based on SPE followed by LC-
DAD-MS(ESI þ ). Although two different SPE materials
were used to best enrich either acidic or neutral pharmaceuticals, the analysis of both extracts was done using the same LC-MS conditions (see methods), in order to detect the highest number of compounds with the lowest analytical effort. The selection of positive mode for the MS electrospray ionisation was based on preliminary tests using standards of the target compounds. For the majority of the compounds it was found that, when compared to ESI 2 , the ESI þ resulted in precursor molecular ions
with higher relative peak intensity, thus ESI þ was selected.
The LOD, LOQ and recoveries obtained with this approach are presented in Table 2 et al. (2001) , three separate analytical methods were used for antibiotics, whereas in this study, antibiotics were PhAC recoveries for the analytical process (SPE followed by LC-DAD-MS) were obtained with samples of influent wastewater for the compounds that were detected in that plant. These tests aimed at assessing the effect of the wastewater matrix on the analytical method as well as interferences due to the manipulation associated with the extraction and analytical process. The precision and reproducibility of the method indicated a relative standard deviation varying from 1 to 12%. Despite some variation of the PhAC recoveries with the matrix (results not shown), the results were above 70% except for four compounds (Table 2 ). Fluoxetine showed the lowest recovery (60^6%) with wastewater from Valdeã o, suggesting that a different SPE material or GC after derivatisation should have been used for better detection of this compound. Nevertheless, the recoveries of fluoxetine for other WWTPs were . 79^1%. With this methodology, a very wide range of compounds with different structures were covered, using a reduced number of analytical processes.
Measurement of PPCPs in wastewater influents
In this study, two sampling campaigns were performed for the 5 WWTPs analysed, in the spring and in autumn (Table 3 Three of the musks analysed (galaxolide, tonalide and cashmeran) were found in each plant (Table 3) , while 
Measurement of PPCPs in wastewater effluents and adsorption to the secondary sludge
As expected, the effluent concentrations of most PhACs were generally much lower than the influent concentrations, suggesting at least some degree of transformation via biological degradation, UV degradation or adsorption to the sludge (Table 3) . Also, the diversity of compounds detected was substantially lower, as well as the frequency in their occurrence. It is noteworthy that clofibric acid and dimethylaminophenazone were present at a similar frequency and abundance in the influent and effluent of most plants (Table 3 ), suggesting that these compounds were difficult to degrade by the WWTPs. Clofibric acid has previously been found to have a very high persistence in the environment (Winkler et al. 2001) , which is consistent with the results of this study. (Zuccato et al. 2006; Comeau et al. 2008; Okuda et al. 2008; Rosal et al. 2009 ). In the UK, an activated sludge effluent contained 43 mg L 21 of PhACs, while a trickling filter plant contained 93 mg L
21
, where the influent concentration to each plant was similar (Kasprzyk-Hordern et al. 2009) . In this study, no apparent differences were In relation to the musks, galaxolide, tonalide and cashmeran were detected in the effluent of each plant, but at lower concentrations than in the influent (Table 3) . Some pharmaceuticals were also found in the secondary sludge at high levels, however, they were less persistent since they were not detected as frequently in all of the plants tested. The must abundant PhACs in the sludge were diclofenac, ketoprofen, etofenamate, clofibric acid and hydroxazine, which were present at levels above 10 mg g 21 .
CONCLUSIONS
The results of this study show that the adapted analytical 
